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CAPE

Acronym for Computer Aided Process Acronym for Computer Aided Process 
EngineeringEngineering

Encompasses the building of process models Encompasses the building of process models 
to increase understanding, and the use of to increase understanding, and the use of 
these models to design and operate process these models to design and operate process 
plantsplants
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CAPE

CAPE techniques were first used in the 60s and 70s in CAPE techniques were first used in the 60s and 70s in 
the largest oil and chemical companiesthe largest oil and chemical companies
In the 80s, these companies generally had their own inIn the 80s, these companies generally had their own in--
house simulation programs and resourceshouse simulation programs and resources

e.g. Monsanto: e.g. Monsanto: FlowtranFlowtran,  BP: Genesis...,  BP: Genesis...
In the 90s, almost all abandoned their inIn the 90s, almost all abandoned their in--house tools in house tools in 
favourfavour of thirdof third--party (commercial) programsparty (commercial) programs

Aspen Plus, PRO/II, HYSYS, Aspen Plus, PRO/II, HYSYS, gPROMSgPROMS… … 
There is a strong need to integrate inThere is a strong need to integrate in--house models in house models in 
these commercial environmentsthese commercial environments
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CAPE-OPEN 
Vision

CAPE-OPEN
COMPLIANT SOFTWARE

UNITS’Я’USUNITS’Я’US®®

α−olefins reactor v12.3

Peter Banks software Suite (1.52)====================================UK/US version (Build 
055)October 1998VERY IMPORTANT. Message Suite is not compatible with the "EasyFax" software. If you have 
a version of EasyFax installed on your Series 5you must remove this BEFORE installing the Message Suite.See 
"What to do if you have EasyFax installed" for instructions.The Message Suite installation will also add new items 
to the Series 5Control Panel (Internet, Modems). You must change settings in theControl Panel and the Email 
program before you can use the Message Suiteprograms. See the Message Suite User guide for more details.If you 
have a previous version of Message Suite...==================================================It 
is best to install the new release without uninstalling the previousversion so that your settings (e.g. email messages, 
setup and serviceprovider information) are preserved. These settings will be removed ifyou remove your existing 
version before upgrading.Note that it is recommended that you back up your Series 5 beforeinstalling additional

PLUGS 
INTO ANY

COSE

As seen on the Web!

B2B ready
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CAPECAPE--OPENOPEN
Industry Standard Industry Standard 

for Process Modelling Software Interoperabilityfor Process Modelling Software Interoperability



2005: All major simulators2005: All major simulators

2002 : First Commercial Products2002 : First Commercial Products

2001 : Foundation of CO-LaN2001 : Foundation of CO-LaN

1999: Proof of concept, GCO1999: Proof of concept, GCO
1997: CAPE-OPEN1997: CAPE-OPEN

1995: idea1995: idea
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The CAPE-OPEN Standard
What it is

The CAPE-OPEN Standard
What it is
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The anatomy of process modelling tools –
a (somewhat) confusing reality
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• Many interacting components…
• …all tightly coupled with each other
• Component boundaries not always clearly delineated

Process
Modelling

Components
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Process modelling: components & 
environments

Process Modelling Components (PMCs)Process Modelling Components (PMCs)
wellwell--defined pieces of software, relatively narrow defined pieces of software, relatively narrow 
functionfunction
wide range of applicationswide range of applications

•• physical propertiesphysical properties
•• unit operation modulesunit operation modules
•• numerical solversnumerical solvers
•• . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Process modelling: components & 
environments

Process Modelling Components (PMCs) Process Modelling Components (PMCs) 
Process Modelling Environments (PMEs)Process Modelling Environments (PMEs)

support construction of process modelsupport construction of process model
•• from firstfrom first--principles and/or library of unit operation modelsprinciples and/or library of unit operation models

support a number of modelsupport a number of model--based applicationsbased applications
•• simulation, optimisation, …simulation, optimisation, …

may make use of one or more PMCsmay make use of one or more PMCs
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Clarify boundaries between key components
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…and break tool into 1 PME & multiple PMCs
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Unit operations
model library Chemical kinetics

Physical properties
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“middleware”
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CAPE-OPEN interface specifications

listlist ofof interfaces/interfaces/MethodsMethods/Arguments /Arguments togethertogether withwith
documentation documentation andand IDL codeIDL code

AllowingAllowing to to developdevelop plugsplugs andand socketssockets in in PMCsPMCs andand
PMEsPMEs

PublishedPublished on on thethe internetinternet by by COCO--LaNLaN

FreeFree to use by to use by anyoneanyone
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Typical modular process modelling tool
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Typical Equation-Orientated process modelling tool
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CAPE-OPEN architecture
Business interfaces Business interfaces 

•• TheseThese interfaces are interfaces are domaindomain--specificspecific interfaces for the CAPE interfaces for the CAPE 
application application domaindomain. . TheyThey definedefine interfaces to CO components interfaces to CO components 
involvedinvolved in a CO in a CO processprocess simulation application.simulation application.

COSE/PME Interfaces COSE/PME Interfaces 
•• TheyThey are interfaces for CO simulator are interfaces for CO simulator executivesexecutives. . WithinWithin thisthis

categorycategory, services of , services of generalgeneral use are use are defineddefined suchsuch as diagnostics as diagnostics 
andand materialmaterial systemssystems in in orderorder to to bebe calledcalled by by anyany CO component. CO component. 

CommonCommon interfaces interfaces 
•• specificationsspecifications for for handlinghandling services services thatthat maymay bebe requiredrequired by by anyany

Business Business andand COSE/PME interfaces. COSE/PME interfaces. TheyThey support basic support basic functionsfunctions
andand are are alwaysalways independentindependent of Business of Business andand COSE/PME Interfaces.COSE/PME Interfaces.
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CAPE-OPEN Implementation

ObjectObject--oriented approach based on software oriented approach based on software 
componentscomponents

Extensive use of “middleware”Extensive use of “middleware”

CORBA CORBA -- Object Management Group's Interface Object Management Group's Interface 
Definition LanguageDefinition Language

COM COM -- Microsoft's Component Object Model Microsoft's Component Object Model 
Interface Definition LanguageInterface Definition Language
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CO Interfaces for PMCs
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PDAEPDAE
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PEDRPEDR

Unit Unit OperationsOperations
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PropertiesProperties
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PhysicalPhysical PropertiesProperties
Data BasesData Bases

ParametersParameters
IdentificationIdentification

CollectionsCollections
UtilitiesUtilities

PersistencePersistence

SMSTSMST

ExternalExternal InteractionInteraction
SessionSession

Planning Planning 
& & SchedulingScheduling

OperationsOperations
& Control& Control

Types Types andand undefinedundefined valuesvalues
ErrorError HandlingHandling
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Other
Services

Physical
Properties

Unit 
Operations

Numerics

Common Interfaces

CO interfaces releases

SolversSolvers
LAE, NLAE, DAELAE, NLAE, DAE

OptimisationOptimisation
MILP, MINLPMILP, MINLP

PDAEPDAE
SolversSolvers

PEDRPEDR
HybridHybrid SolversSolvers

Unit Unit OperationsOperations

HybridHybrid UnitsUnits ThermodynamicThermodynamic andand PhysicalPhysical
PropertiesProperties

PetroleumPetroleum
FractionsFractions

ReactionsReactions

ElectrolytesElectrolytes

PhysicalPhysical PropertiesProperties
Data BasesData Bases

Types Types andand undefinedundefined valuesvalues

ParametersParameters
IdentificationIdentificationErrorError HandlingHandling

CollectionsCollections
UtilitiesUtilities

PersistencePersistence

SMSTSMST

ExternalExternal InteractionInteraction
SessionSession

Planning Planning 
& & SchedulingScheduling

OperationsOperations
& Control& Control

COSE/PME ServicesCOSE/PME Services

0.9 (CAPE0.9 (CAPE--OPEN)OPEN)
0.93 (GCO 2001)0.93 (GCO 2001)
1.0 (GCO 2002)1.0 (GCO 2002)
UnpublishedUnpublished draftsdrafts

PolymersPolymers

Types Types andand undefinedundefined valuesvalues

Unit Unit OperationsOperations

ThermodynamicThermodynamic andand PhysicalPhysical
PropertiesProperties

ParametersParameters
ErrorError HandlingHandling

ThermodynamicThermodynamic andand PhysicalPhysical
PropertiesProperties

New releases in 2005New releases in 2005

ThermodynamicThermodynamic andand PhysicalPhysical
PropertiesProperties 1.11.1DynamicDynamic UnitsUnits
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The CAPE-OPEN Standard:
What it permits

The CAPE-OPEN Standard:
What it permits
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Direct Benefits

PlugPlug--andand--playplay : : 
•• AbilityAbility to to seamlesslyseamlessly integrateintegrate a component a component fromfrom the the librarylibrary

of of foreignforeign objectsobjects (unit (unit operationsoperations, thermo models, , thermo models, solverssolvers
etc.);etc.);

•• AbilityAbility to to seamlesslyseamlessly integrateintegrate inin--house house proprietaryproprietary
components in commercial components in commercial environmentsenvironments;;

Niche softwareNiche software
•• AbilityAbility to to linklink specificspecific niche modules to the niche modules to the simulatorssimulators. . 

Small Small andand niche software niche software vendorsvendors willwill provideprovide COCO--compliantcompliant
components.components.

ROIROI
•• IndividualIndividual studiesstudies willwill costcost lessless because of the because of the technicaltechnical

advantagesadvantages of of beingbeing able to able to mixmix--andand--matchmatch. . 
•• PlugPlug--andand--playplay capacitycapacity willwill stimulatestimulate the the marketmarket andand createcreate

new new opportunitiesopportunities

Cheaper, better and faster design, operation and control of processes
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CAPE-OPEN supports all combinations of 
components

Aspen Plus
Simulation Executive

Hysys
Simulation Executive

AspenTech
UO

Prosim
THRM

HTRI 
UO

Infochem
THRM

Aspen Plus
Simulation Executive

AspenTech
THRM

AspenTech
UO

Hysys
Simulation Executive

Hyprotech
THRM

Hyprotech
UO

CO
Simulation Executive

AspenTech
UO

AspenTech
THRM

CO 
UO

CO 
THRM

Pro/II
Simulation Executive

RSI
THRM

NETL
UO

IFP
UO 3rd Party

THRM
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Commercial Interoperability of Unit and
Thermo

ManyMany combinationscombinations testedtested (not all)(not all)
As As wellwell withwith somesome operating operating companiescompanies legacylegacy softwaresoftware
AlmostAlmost no performance no performance degradationdegradation in best casein best case
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Example of use 1

A physical and thermodynamic properties calculations
PMC developed by a supplier, can be used the same way
within several CO-PMEs. 
e.g. Infochem’s , Multiflash, can be used the same way in 
Aspen+, gPROMS, Hysys, Pro/II. 
The user saves the time needed to configure the properties
calculations parameters for those environments, and gets
consistent results by using the same methods and data.
This is simply obtained by wrapping the thermo server with
CAPE-OPEN standard interfaces. 
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Example of use 2

A Unit Operation model such as a proprietary chemical
reactor model, developed by an operator or a process licensor, 
can be used transparently in CO-compliant PMEs.
e.g. IFP ’s FIBER (FIxed BEd Reactor) generic reactor model
can be used the same way in most commercial PMEs without
any change, whitout any coding or compiling.
The process licensor can easily serve clients who demand the
use of a specific PME in their contracts.
This is obtained from putting the reactor model to the Unit 
Operation standard: introduction in a flowsheet, connection of
input-output ports, specification of parameters, validity
checking, calculation, publication of results.
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Available CO-compliant software

Software providersSoftware providers
AspenPlusAspenPlus, , AspenPropertiesAspenProperties
HysysHysys, COM Thermo, , COM Thermo, DistilDistil
SimSciSimSci: Pro/II: Pro/II
PSE: PSE: gPROMSgPROMS
BelsimBelsim, , InfochemInfochem, , ProSimProSim, RSI, HTRI, Fluent, , RSI, HTRI, Fluent, ChemsepChemsep, PPDS..., PPDS...

Operating Operating companiescompanies
IFP, Total, BASF, Norsk Hydro, Shell… IFP, Total, BASF, Norsk Hydro, Shell… 

GovernmentalGovernmental
US EPA, NETLUS EPA, NETL

UniversitiesUniversities
DTU, INPT, UPC, RWTH.LPT, CMU, TUHH...DTU, INPT, UPC, RWTH.LPT, CMU, TUHH...

COCO--LaNLaN
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The CO-LaNThe CO-LaN
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CO-LaN

Non for profit organisationNon for profit organisation
Full members (paying fees): CAPE endFull members (paying fees): CAPE end--usersusers

Air Air LiquideLiquide
BASF BASF 
BPBP
Dow (current chair)Dow (current chair)
IFPIFP
ShellShell
TotalTotal

Associate members: all the other CAPE playersAssociate members: all the other CAPE players
(around 40 and increasing)(around 40 and increasing)
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22 Software 
suppliers

7 Operating
Companies

11 Universities2 Governmental 4 Individuals

CO-LaN Membership as of May, 2005
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1. User priorities for CAPE-OPEN standard: 

work with software vendors to communicate user work with software vendors to communicate user 
priorities for process modelling software priorities for process modelling software 
component/environment interoperabilitycomponent/environment interoperability
promote communication and copromote communication and co--operation among operation among 
CAPE software vendors to insure that the CAPECAPE software vendors to insure that the CAPE--OPEN OPEN 
standard actually translates into commercially valuable standard actually translates into commercially valuable 
interoperabilityinteroperability

ActivitiesActivities
Roadmap buildingRoadmap building
Consultancy SchemeConsultancy Scheme
All links with software vendorsAll links with software vendors
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2. Exploitation and dissemination: 

promote the CAPEpromote the CAPE--OPEN standard to endOPEN standard to end--users and users and 
distribute CAPEdistribute CAPE--OPEN information and technology OPEN information and technology 
internationallyinternationally

ActivitiesActivities
Website (Website (www.colan.orgwww.colan.org))
CAPECAPE--OPEN Update newsletterOPEN Update newsletter
Conference participationsConference participations
Workshops such as this oneWorkshops such as this one
etc.etc.
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3. CAPE-OPEN specifications life cycle 
management

organise the maintenance, evolution, and expansion of organise the maintenance, evolution, and expansion of 
the specifications following user prioritiesthe specifications following user priorities

Activities:Activities:
SIGs (as of May 2005):SIGs (as of May 2005):

•• Thermo SIGThermo SIG
•• Unit SIGUnit SIG
•• Interoperability SIGInteroperability SIG

Other actions on specificationsOther actions on specifications
•• polishing, publishing,...polishing, publishing,...
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4. Testing, interoperability facilitation

supply compliance testers to support development of supply compliance testers to support development of 
componentscomponents
organise interoperability tests between suppliers of organise interoperability tests between suppliers of 
Process Modelling Components and Process Modelling Process Modelling Components and Process Modelling 
EnvironmentsEnvironments

ActivitiesActivities
The CO Tester suiteThe CO Tester suite
The CO The CO Laptop(sLaptop(s))
Interoperability workshopsInteroperability workshops
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5. Training/Migration facilitation

ensure that training modules guidelines and tools to ensure that training modules guidelines and tools to 
facilitate component wrapping are developed and facilitate component wrapping are developed and 
availableavailable

Activities:Activities:
Migration wizardsMigration wizards
Presentation material & guidelinesPresentation material & guidelines
No formal training activity yetNo formal training activity yet
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